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Executive Summary

Crldcal regional water research problems addressed

The broad class of substances that comprise aquatic natural organic matter (NOM), which includes
"dissolved" and "particulate" organic matter (DaM and POM) are ubiquitous and known to strongly
affect transport, degradation, bioavailability of boil1 metal and organic pollutants, as well as nutrients.
HaM plays a major role in other concerns such as tfihalomethane formation in water treatment
systems. It is now clear that the chemical structure of NOM are central to anderstanding water
quality it~ terms of food webs and drinking water especially with CALFED’s proposed ecosystem
restoration projects.

While there has many of studies bulk NOM, very little is known about how its chemical sla’ueture
influenced by its source in the Delta. Without rids informariort, there can be no scientifical]y rigorous
basis for the manageraan’t of aquatic NOM, including the nutrients mad pollutants associated with it.
By initiating a study of DaM and POM chemical sh’uctures, this research will generate information
that is needed ",dl agencies concerned with water quality, as well as by other researchers working in
physicul, chemical, and biological aspects of California’s waterways. Bulk NOM may origivate
peat soils, plankton and bacteria, various diffuse non point sources sources sources (Amy el. at, 1990;
DWR_, 1994-t995; Hoehn at. at, 1980; Krasner at. al 1996; Pomes el. at, 1999). However, the
relative contribution of these various sources is not wet1 understood. It is not known how CALFED’s
ecosystem restoration will affect the type and disu’lbudon of NOM and associated contaminants.
This proposed study is an altempt to fill that data gap.

Results and benefits

This study will provide an inhiat look at the chemical structures of NOM present in major watarways
of the Sacramento/San Joaquln Delta. The two analytica~ methods, pyrolysis-gas
chromatography/mass spectrometry (pyro-GC/MS) and microanalysis X-ray fluorescence (MXI~F),
do not require a pre-selee~don of the desired analytes, so they can be operated as "fingerprintflag"
tools. In doing so, the study will also determine: (a) the applleability of these analytical techrfiques
to the types of NOM structures found in Delta; (b) the extan~ to which these sm_~etures may vary by
source and season; and thereby (c) provide a database for "fingerprinting" of aqantic NOM for
determining sources of organic carbon and associated contaminants. The project will gather
unprecedented high chemical content water quality data from important non point sources sources
sources sources sources sources sotzcces sources sources sources. Briefly, these are a residential
wastewater ~reatment effIuent, irrigation drains, delta open channels and CALFED restoration
project. Utilizing adaptive mannge~aent, data may be collected from other locations depending on
resource availability.

However; both pyrolysis-GCflViS and IVIXRF go far beyond fingerprinting, because they also store
detailed, potentially interpretable chemical information. The techniques are also relatively leas labor
intensive than other methods sucla as XAD resin extractions. The analytical data sets used for
fingerprinting can be reprocessed later for targeted studies of aquatic NOM. For example, ~hc data
can be made to reveal: (a) liguhi content to distinguish between predominantly terrestrial and aquatic
NOM; (b) peptidic, phenolic, mad bromine content to estimate propensity for disinfection by-products
(DBPs) formation; (c) persistent, bioaccumulative, and toxic chemicals such as lead, polychlorinated
biphenyls (PCBs) and poly-nuclear aromatic hydrocarbons (PAHs).
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Summary of resem-ch approach

Our objective is to estabtiah baseline information regarding the spatial and seasonal variability of
aquatic NOM load and its key structural features in Sacramento/San Joaquin Delta. The Delta
represents a good system for studying the roles of aquatic humic substances in maltiuse waterways.
For e×ample, the Sacramento and San Joaqaln Rivers are a primary, dr, finage for water fi~om
agricultural, recreational, industrial~ water impoundment, and flood control systems. Furthermore,
most of these activities are highly seasonal and lle upstream of several municipal water intakes.
Initially, five sampling sites and one replicate have been identified and they are described in the
project section. We will utilize adaptive management approach to adjust the sampling plan after we
have analyzed the initial data. However, data collected must provide infbn~aation on possible
dynamic and seasonal changes of the contamLnants in the Delta area. One of the co-PI, Ngaria, who
has worked in area of water resources management lbr more than 5 yearn, is all expert in field
sampling teclmiquas. In addition, Mr. Ngatla is familiar with and has many years’ experience in
analyzing the historical water quality data in the Delta. This historical data set will be used for water
quality baseline deteraaiuation in the Delta..

The proposed analytical method, pyro-OCfMS, has been used to examine the stroctures of NOM in
air, soil, and sediments for over two decades. It has also been used widely for analysis of PCBs and

PAHs from soil and sedimen~ and presence of lignm and cellulose structures. P~ecera advances in
instrumentation has brought this technique to the point where it can be applied to a survey of aquatic
NOM. The co-PIs Higashi and Fan have many years experience in using this ~eelmique. However,
"fingerprinting" using this technique is a relatively new idea, and co-PI Higashi is currently lhnded
by the California Resources AgencylAM Resources Board to test the method for identif]catlon of
sources of t~gitive du~ (PM10). Tbe proposed application to aquatic NOM is o.anlogous to thJ.s air
project.

The other proposed anal~ical method, IvlXP,.F, is oftan considered ~ a ~’total elemem analysis" tool.
In air pollution studies, it is already established as a convenient way to obtain "signatures" of
particulate matter (PM2.5 and PM10), and there is a growing application of this method ki industry to
monJ.tur aqueous waste discharges. Its use for NOM studies is almost unkaaown, despite the fact that
it can provide critical i~fformatien to complemet~t any organic analysis ofNOM, qqms, the proposed
application to aquatic NOM is unprecedented and will reveal information on mineral nutrients,
halides, and metal contaminants that an organic chemical study on NOM alone c~a-zaot provide. Thus,
it is complementury tu the pyro-GC,,"¢~S analysis.

The primary objective of this project is to apply new and irmevative techniques throuf~a field
sampling and laboratory analyses to characterize the quantity and sources office NOM and a~so¢iated
contaminants in the Delta. The ~’mgerprint data sets collected through this project will generate a
unique opportuhity to draw an inference on the aquatic food. Prof. Gang, the PI of the project has
been a faculty member of UCD since 1976. He is an expert in env~ronmantal modeling and
assessment. Prof. Gang vdll use his expertise to model the data collected from ~e study.
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Project Description

lh’oposed Scot~e of Work

One of CALFED’s six guiding principles to the solution of Delta problems is
that any actions taken "’result in no significant redirected impacts" (CALFED, February 1999). This
means that CALFED-implemented solutions directed to solve one problem should not have
slguificant negative impacts on other components of the Bay-Delta. In terms of water quldity,
CALFED’s stated policy is to provide goad quality water for all beneficial uses in the Delta.

Natural organic mauer (NOi’v~) is one of the important components in the aquatic ecosystem.
However. NOM has varying impacts on different beneficial water uses. In the aquatic fot~d web,
energy is transferred through various ttophic levels. The prLmary producers ale at the lowest level
and they may either convert the sun’s energy via photosynthesis or use rite energy stored in dissolved
organic matter for their llfe processes. The primary producers are then consumed by the secondary
consumers and so on ul~ the food chain. Organic matter is therefore o~en considered to be a
beneficial water quality constituent for aquatic orgardsms.

On the other hand. orgamc matter is a problem in drinking water. Organic matter and bromide ion
negatively impact drinking water quality, because they act as precursors of trihalomethanes (THMs)
and other disim~ecfion by-products (DBPs) during treatment to re’move harmful microorgmfisms
(DWR 1994-95. Krasner et al 1996, Paode et at. !997, Pomes et M. 1999, Wcsmrhoff et al 1998).
DBPs are undesirable produuts in drinking water because they are suspected to be potential
carcInogens in humans and are regulated by State and federal statutes. It is possible to partition the
portion of DBPs formed from organic mat~ar and bromide ion utilizing atomic mass units of organic
matter and bromine. The chemical process leading to DBP formation is thought to be as follows:

Natural + Free + Bromide --~ TIIMs and
Organics chlorine or other DBPs

other oxidants

However, the DBP formation is still not well understood. Currently, chlorine is the prevalent oxidant
in drinking water treatment in the US. Proposed regulations to control harmful microorganisms
especially Giardia and Oyptosporidium may require other more potent oxidants such as ozone.
There is little s¢ienti.fi¢ information on DBPs formed from those oxidants. However iu general,
source water quality is thought to play a major role in "die amounts and types of DBPs formed.

In the past. California Department of Water Resources (DWR) drinking water investigations have
mainly focused on bulk organic matter-- the total organic matter in the aquatic system. High levels
of NOM in Delta water lmve been attributed to releases from peat soils (DWR, 1993-97). A few
studies have been attempted to eharacterize other sources of NOM such as algae using a regular
fluerometer, spectrophotomuter and fi’actionation using XAD resins with little success either because
the methods are too time consuming or are not sensitive enough. A major obstacle in attempting to
narrow down and characterize different sources of organic marter has been finding analytical methods
that are precise enough to provide unique "’fingerprints" and at the same time are reliable ~nd utilize
commercially available analytical tools. In the section on Chemical Fingerprinting Approach, we wifi
list, by analogy with law enforcement agencies in real fingerprinting, the fundamental requirements
for NOM source identification. These requirements exceed most analytical methods currently used
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for NOM source identi~ca’don, it will then list how the methods we are proposing meat all of these
criteria.

Sampling rationale

This project will milize pyro-GC;MS and MXR.F, which in combination are very versatile in its
ability to determine signatures of NOM. This "fingerprinting" approach will be used to characterize
sources oforgmaic matter and associated contaminants such as selenium, bromine and pesticides at
the sampling sites described below’. These sites have been selected becanse they represent relatively
theoretically important sources of aquatic contaminants. The sites arc a municipal water treatment
effluent, source arid tail end of an agricultural irrigation water drain, Delta ecosystem restoration
projects (Figure 1). The sites are in CALFED’s North Delta regdon, located in Yolo Basin Ecological
Zone (CALFED February 1999). The watershed provides drinking water to over 400,000 people in
Solano County as well as part of Napa Count3,. The watershed has been documented to have dae
highest total organic carbon levels in the whole State Water Project (DWR 1998 ). Other desirable
features considered in selecting this study area is/he fact two of CALFED’s major ecosystem
restoration projects are in this area. Liberty Island will be restored by letting natural processes
proceed with little human intervention (CALFED, p~sonaI communications). Prospect Island across
the Deep Ship Channel fomr from Liberty. Island is proposed to be restored by incorporating various
man-made features. These activities are expected to be completed by the US Corp of Engineers by
the year 2002. Results from Prospect Istmrd will represant intensive restoration activities that can be
compared with the uatlmal restoration processes I~om Liberty island.

Sampling sites selection rationale:

¯ Putah Creek near Winters and Ulatis Creek sites are a paired set. The P utah Creek near
Wimers will fmgerprim source water from Lake Berryessa. Ulatis Creek will fingerprint
this water after most of the water has been used for irrigation providing agricultural
impacts.

¯ Old Alamo Creek near Elmira. This creek carries discharge from the Vacaville
wastewater treatment plant. The site will provide fingerprint signatures assoeisted with a
residential waatewater treatment plant.

¯ Yale Bypass near Libet~y Island or Miner Slough at Prospect Island. The exact sites of
these sampling stations will be determined later after field examination. The sites will
fingerprint water quality in Delta eharmals feeding into the restoration project mad inside
the restoration project, If restoration on Prospect Island will not have been started by the
time this research project is initiated, we will utilize adaptive management to select
appropriate sampling sites at Liberty Island.
Se impacts will be evaluated at San Joaquin River at Vemalis. This site has been sampled
by various agencies including Dg’-R for at least 10 years. Sampling ~vill be coordinated
with other agencies collecting data at the site.

For quality assurance purposes, one site will be randomly selected and duplicated during every
sampling event following DWK’s sampling protocols (DggR, August 1998). The s~mpling locations
and frequencies are presented in Table 2 B. Sampling protocols will follow procedures in the
Standard Methods, 19a Edition, DWR Sampling Manual for Environmental Smnpling Prograars
(DWR 1994, 1995), US Geological Survey (1994).
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Figure 1 . Nortl~ Delta Sam piing Sites

e Sampling St~ons
I

~ County Boundaries

~ Water

20 0 20 Miles



The Chemical Fingerprinting Approach

Our s~ategy for distinguishing various sources of NOM takes advantage of the inherent eomple×ity
of aquatic system and its biogeocb_emistry based on factors such as land-use. For this application, the
metaphor of"fingerpdntthg" has o~cen been used. As with the real fingerprinting by law-
enforcement ageucies, the key features needed for identification aze:
1) A mater~al to aaalyze that exhibits a high dependence of its pattern on the particular source:
2) A highly complex pattern, so that (~) is actually an ~dvantage rather than a hindrance;
3) Measureroent technique that captures the complexity of pattern;
4) Mirth’nat sample preparation;
5) Autoroated sample change, measureroent, and data reduction:
6) Ability. to analyze minute sample sizes andJor adverse s0.mples;
7) Uses 100% off-the-shelf contponents for roaximum uptiroe, multi-taboratury reproducibility, and

ensured haslaxmaent improvements.

Clearly, this is a lot of ask of a technique. However, using either pyro-GC/MS or MXRF alone to
analyze NOM (DOM and POM) meets, at once, ALL of the above requirements (I through 7) for
chemical fingerprinting:
I) As NOM is formed, through biogeocheroislxy, it harbors the net orgmaic roatter from the particalar

biology, detritus, and chemistry at a given site;
2) NOM is well k~own to have an extremely complex orgmaic and orgaao-metallie chemical

structure;
3) Pyro-GC/MS produces a very complex pattern that is structure-dependent, and MXP~ also does

to a lesser extent;
4) Both methods have minimal smaaple prep~ation. For pyro-GC~MS_ POM is collected on quaxtz

filters and directly analyzed, while DOM is freeze-dried and the powder is directly analyzed; for
MXRF, POM is collected on teflon filters and directly analyzed, while DOM is spotted on a dim
and directly anaJ.yzed.

5) Both instruments in this study are equipped for auto-sample changing and analysis;
6) Pyro-CrC/MS requires only micrograms or less of NOM, and is able to "pick out" sampling and

storage contamination such as plasticizers, insect repellent, etc. M3(R_F for DOM requires only
0.020-0.050 m1 of sample, while fbr POM requires a few nag.

7) Both instruments are 100% commercial products.
8) Used together, the "~’o methods are eomplamentar?" in what they measure.

Perhaps the most important aspect of pyro-GC/MS for CALFED’s ecosystem restoration efforts is in
the extreroely high information content, such that this sh~gle analysis method can find utili~y in many
other applications involving organic matter. For example, the propensity of aquatic humics to tbrm
tfihaloroethanes (THMs) in domestic water treatment systems appears to be linked to pyro-GCfiMS
analyzable humie structures such as poIyhydroxyaromafics (Bruchet, et al., 1987; Bmchet, et aL,
1990). While providing chemical t-mgerprinling, pyro-GC/MS can also analyze for some persistent.
bloaccumulative, and toxic chemicals such as PAHs and PCBs. Our own work (Schultz et at., in
press) deroonstrares the capability of pyro-GC/MS to obtain DOIv[ and POM fingerprinting mad
analysis of polynuclear aromatic hydromarters (PAHs) hi the same analytical ran.
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EeoiogicallBielogical Benefits

This project will provide a basis for evaluating whether CALFED’s restoration projects have
undesirable impacts on other parts of the Delta ecosystem. The project will also expand the tools
needed in order to understand how the different components of the Delta ecosystem interact and
therefore how to manage these different components. Although the study will be conducted in the
Sacramento malnztem, the results obtained will be applicable to the entire Delta ecosystem.

Being able to "fingerprint "NOM in the aquatic ecosystem has many benefits. All Delta organisrus
operate at one food we10 level or another from the primary producers to the highest consumers. In
order to understand the complex processes involved in the transfer of energy in these systems, it is
importmlt to understand the chemicals involved and the transformation of these chemicals from one
food chain leve[ to waother. Organic matter is one of the most important of these natural chemicals.
Organic matter is not only important as an energy source to aquatic orgmaisms but it also plays a part
in fate and transport of pesticides and other chemicals harmful to aquatic orgartisms. Organic matter
may also aid in fue transport of organisms such as Giardia and Cwptosporidium that are harmful to
humans. In addition, organic matter may impair the physical quality of water through increases in
turbidity.

It has been theorized that high turbidities and the consequent reduction in light transmission are the
limiting factor in phytoplanktunic primary production rather than nolrients. Phytoplantonie growth is
very. important in improving the health of the aquatic tbod chain. Being able to fingerprint various
Dec source contributions can help in determining what restoration alternatives best benefit
endangered species such as Delta smelt, salmon, splittail etc.

This project will build on the historical information data that has been collected. The California
Department of Water Resources has over 10 years of bulk organic matter concentrations at various
locations in the Delta. Review of this data will give an overall view of the historical bulk
distributions of orgmaie matter as well as other elements such as selenium and bromide ion. This
historical information has been used in this proposal in selecting sampling sites: The current research
study will at-tempt to delineate and characterize possib[e sources of these chemicals thus adding
useful information to the historical data.

Due to teclmicai constraints, this phase of the project will attempt to characterize restoration,
agricultural and residential wastewater sources oforganic matter. Futttre phases will look at other
sources such as urban runoff, concentrated animal facilities such as dairies. A~other future cfft}rt will
be to differentiate organic matter between algae and macrophytes.

This knowledge will be useful in food chain studies and drinking water protection through out the
Delta. The knowledge will be use~hl in determining drinking water treatment facilities intakes.
project will not have ~my known impacts on third parties. It will not be in conflict with any existing
agency obligations or mandates because currently water quality agencies are only required to mohitor
for bulk organic matter. These agencies are not fimded to differentiate the different sources although
it is knowledge that would hetp them in managing water quality for aquatic organisms as well as for
drinking water purposes.

Among the chemicals of adverse impact in the Sacramento/San .Ioaquin River,rDelta region,
eeotoxicity of selenium compounds probably constitutes the most complex issue. There are large,

7
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critica~ gaps in knowledge because of extensive biogenchemical u’ansfonnation and bioaccumulation
of the selenium element. Tiffs is exemplified by the tmusuaLly high body burden of Se found in a
Bay/Delta invader species of clam (Asian clam, Potamocorbnia amurensis) (Brown and Luoma,
1995) and resident sturgeon species (Kro11 and Dmoshov, 1991). The impact era high Se body
burden in sturgeon, particularly in its reproductive system, is unclear but may be of long-term
consequer~ee to stm’geon population since Se is well-known in causing reproductive failure such as
tetratugenesis in bird and fish species (e.g. Ohlendorf et at., 1993; Lemly, 1993). Much less is known
regarding the impact of S e pathway on other fish species of the 13 ay/Delta.

The observed high body content of Se is despite the low waterborne Se concentrations well below the
EPA reeommanded 5 parts per billion limit - observed throughout the Bay/Delta. Such limits are
many orders of magnitude below the detection limit of any direct bioassay, but deemed necessary
since Se (as with other persistent, bioaccumulative, and toxic contam~ants such as Hg and PCBs)
ecotuxic impacts are transferred through the food chain. As a consequence, CALFED specifically
called out the issue of Se and stttrgeon as a top priority (CALFED PSP 1998), and thereafter funded
research groups at Univ. of California-Davis (D. Hhiton) and USGS-Menlo Park (S. Luoma).

Although those two CalFed projects address the upper, direct trophJc transfer foodcha~ issues, a
major knowledge gap remahis in the entry and multiple re-entry points along the lower foodchain.
Fi~m~re 1 and its legend illnslrates that Se (as well as other persistent, bioaccumulative, toxic
contaminants) does not proceed in a direct, trophie transfer np the food chain. The ilhislrated (Figure
2) residence time in the detrital material is not known and ~ikely to be site-specific. Similarly, the
bioavailability oftha contaminants in the detritus is not knovm, but likely to be site-specific. This
reflects a principal consensus opinion in the recent "Peer Consultation Workshop on Selehium
Aquatic Toxicity and Bioaccumulation" held by the US Environmental Protection Agency.

Therefore, any change in water quality (resulting from different management practices) thar
significantly alters primary production and POM/DOM in the Bay/Delta, will most likely influence
the Se foodchath transk~r pathway and its ecological impact. This may well be illustrated in the
observed changes in phytoplank~on community (USGS pub), Asian clam invasion (Carlton et al.,
1990), and Se bioaccumulation in Asian clam and sturgeon.

The importance of primary production and detritus is not lhnlted to Sc foodchain transfer, in that
these water quality parameters have been implicated in the transport and bioavallability of many
other trace metal and organic pollutants (e.g. Decho and Luoma, 1994), as well as drinking water
quality. Yet, little is known about the relationship belween source water quality and downstream
biological impact. The proposed work on chemical fingerprinting of primary produation mad
POM/DOM at relevant locations of the Bay/Delta is designed to probe the source water quality in
detail. This information will then be integrmed with ongoing CALFED-funded investigations on Se.
trace metal, and pesticide transfer into high-risk fish speeie~ (in eoordinstion with Drs. D. Hinton and
S. Luoma), and with the !ong4ema drinking water database established by California Depam~aent of
Water Resources. Such integrated information will be valuable in guidhig the long-term CALFED
plarmlng on wmer management in the Delta thr beneficial uses incinding wetland/habitat restoration
while ensuring drinking water safety.
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Figure2. Detrttal organic matter is the
biogeochemical "Grand Central Station" for
accumulation of toxic elements up the foudchain.

For Se, their inorganic fo.,,t~s are biologically fixed
by algae & microbes. Howe, er. Se - as well as other
toxic elements such as As and Hg that are biologically HI GtIER
fixed into organic forms - do not head :tirectly up the
foodehain. Since they ere incorporated into organic
matter, significant potions take a detour thru detritus

/

Irecantly dead organic matter), then re-enter the
foodchain at several trophic levels. Over longer
periods, part of the detrital material converts to
recalcitrant ]aunaic material, locking uF the toxic             ~r~v~B~s

HA [~VESTelements until sedkment-ingesting orgathsrns
reintroduce it to the foodchain.

Meanwhile. the macortsumed detrital material is
continually breakiJag down to particulate organic
matler (POM) and DOM. mad transported
downcmrent. The chemical nature of the POM and
DOM determines their palatabiJity (to re-enter the ~o

~ .~% ~.~ ~foodchain), and tl~erefor¢ affects ecological
community struernre as well as bioavailability oi" the
toxic alements. The chemical structure is also the key
for potential formation of disinfection byproducts. Selenite
Therefore it is vital to begin establishing the chemical
nature, toxic element load, and sottrce f’mgerprints of
POM and DOM through chemical fingerprinting.

Except for the initial "fixation" step, this organic

persistent, bioaccumulative_ toxic organic chemicals
such as PCBs and PAHs.
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Technical Feasibility and Timing

NOM in water and sediments, ~vhich includes detritus, humics, and unavoidably mieroorgartisms, is
arguably the most chemically complex. ~vhich makes it the best target for source fingerprinting. We
have reviewed the cmrenny alternative methods for monitoring and characterizing NOM. The most
widely utilized methods for analyzing bulk organic carbon are described in Standard Methods, 19a~

Edition (1995), but they can not distinguish any sources that make up the bulk organic carbon.

Several other techniques have been nsed to further characterize (but not necessarily to fmgerprim)
dissolved organic carbon 0DOM) as surrunarlzed h~ Krasner, et al (June 1996). These other methods
include XAD resin extraction, reverse osmosis, ultraviolet absorbancc, fluorescence, carbon 13
nuclear magnetic resonance, and pyro-GCMS, but not the new MXRF technique proposed here, nor
Fourier-transForm infrared spectroscopy (FTIR) which is used very w~dsly in NOM research
elsewhere. XAD resins have been the most utilized in the past but suffer from their highly selective
nature on organic carbon, plus they are also ve~’ time consuming and therefore relatively expensive.

In other fields, researchers in the 80’s pursued chemical degradation of NOM under acid, oxidative,
or reduative conditions, yielding apparently useful infermation regarding their structures (Hayes,
1991 ). However, this approach can also yield erroneous information as a result of extensive chemical
modifications and rearrangements during the degradative processes; it alse fulls to provide
information on secondary strueurres, which are essential for characterization of NOM (Hayes, 1991).

in contrast, the proposed pyro-GC!MS has been used widaly in hypereomplex organic matter
research (ttayes, 1991), including binding mad transport of parsistent, bioaccumalafive, and toxic
chemicals such as PAHs in our current research (Schultz et al., in press), and even microbe
identification (e.f Gutteridge, 1985; Helyer et al., 1993). It requires no sample preparation other than
freeze-drying to remove wateu and modern instruments require oniy very small amounts of organic
matter (t-Iiga~hi et al., 1994). For example, it obtains a complex fingerprknt that is being used for
identification of soils lSaiz-Jimenez. 19943 and sources of dust in our current research (Higashi et
19943 because the NOM partern generated is dependent on land-use (e.g. agricultural crop).

Over the past decade, advances in techniques such as pyro-(3CMS and FTIR have enabled
researchers to compile more comprehensive structural information on NOM than was thought
possible (Hayes. 1991). Pyro-GCMS has thus established itsetfus a cornerstone approach that is
useful for the study of NOM (e.g. Hairier mad Schulten, 1985; Sclmitzer and Schulten, 1992). Ft)r the
most part, NOM researchers across many fields have ignored the metal and inorganic portions (often
determined oniy as "ash"), but proposed our techniques of MXILF and other merlin ds such as FTIR
can obtain complex signatares from this tmexplored area of NOM.

After ha,,’ing reviewed these various methods, we have come to the conclusion that pyro-GCMS and
MXtLF are the best methods currently available to "fmgerprint" NOM. As stated earlier, we are
already using pyro-GCMS to fingerprint NOM in fugitive dust in a project supported by the
California Air Resources Board. Therefore, the likelihood of suceessthlly accomplishing the tasks
delineated in this proposal will be extremely high.
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Monitoring and Data Collection Methodology

BiologicaUecological ol~iectives: The following are the hypotheses to be tested iu this project (Table
2Al:

The chemical composition of ua’mral organic matter in the Delta is primarily determined by the
source of that organic matter

2. qqae pyrolysis-GC/MS and MXRF are sophisticated enough to distinguish the differences in
orgm’:klc matter.

3. Different sources of NOM will have different l~’opensities to form disinfection byproducts.
4. Important contaminants in fire Delta are associated with NOM.

Monitoring parameters and data collection approach: Sampling sites have been selected that will
provide samples from different sources no point sources in the Delta. Surface water (and some
sediment) smnples will be collected at the following sites (Table 2 B, Appendix A):
i. Effluent from a residential water treatment plant (Old Alamo Creek site)
2. Irrigation ctrain return water ~Putah South canal and Ulatis Creek)
3. CALFED restoration project (Liberty Island or Prospect Island). One station will sample chamlet

water and the other inside the restoration project for comparison.
4. [Jsing adaptive management, we will analyze limited amounts of samples for selenium from San

Joaquin River at Vemalis

Sampling will be conducted during wet and dry seasons for three years to detect any trends that are
time dependent.

Data Evaluation Approach: Samples will be collected using techniques described ha Standard
Methods, 19m edition_ DWR Sampling Manual for Enviromnental Monitoring Projects (1994) and
USGS (1994). The sites will be mapped using GPS and geographical information systems (GIS).
Data will be stored in database at Prof. Gong’s laboratory and will be analyzed with standard
statistical packages such Minitab. SAS and MstLab.

I-llstorleal data from agencies such as DWR will be reviewed for comparison. In addition, we will
maintain coordination with CALFED’s projects to help us in adjusting lhe project’s objectives with
new information. This will provide the basis for adaptive management of the project. Quarterly and
annual reports to CALFED will be generated. These reports will be peer-reviewed by experts in
wa~er quali~" in the Delta. A final report with recommendations witl be provided m CALFED.
Journal reports will be prepared for ~ubmission to scientific journals. In addition, the investigators
will be available for personal presentations at CALFED meetings. The timelines are presented as
Table 5.
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Table 2 A. Monitoring and Data Collection Methodology

Bio!ogical/Ecological Objectives
Question/Hypothesis Monitoring/Data Data Evaluation Comments, Data

Collection Approach Approach Priority
What are the potential sources ofLiterature review, Detect any Needed to confirm
NOM in the Delta? analyze historical data historical ~’~nds candidate samp!fiag

stations
Is the chemical strnctur~ of Collect sm~aples fi’om Compute types of Model TOC and
aquatic N0M in the Delta sourcedifferent sources. NOM by source contaminant
dependent? Fingerprint with p- relationships with
is there relationships between GC/MS and NDGLF. DBP formation. ;
NOM and important Also analyze with evaluate potentist
contamitlants suck as So, Hg? ~raditional s~andard impacts to

methods for DBPs foodwebs
Is the NOM from restoration Use adaptive Compare NOM Model potential
projects different from that frommanagement for short signatures from effects of
other Delta sources? term intensified samplhagrestoration project restoration projects

of other restoration against other en TOC
projects sources
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Table 2 B. Data collection and analyses
I

Location Paranacter Frequency I Conmaent s
Field measurements:

Old Alamo Creek near
EIm~ra Surface EC, Temp, DO, pH, Monthly Winter

ftuorescence* monthly
South Creek Modify sampling only collect

Canal near Berryessa Pyro-GCMS analyses program as needed samples during
TOC, DOC (Filtered in fielff~ Using adaptive flood evants

Ulatis Creek at Itighwav mm~agemem
113 Standard Methods analyses

Bromide ion. chloride ion. May use
Channel inlet into Sel~ninm, TOC, Alkalinity, DOC adaptive
Prospect island (Filtered in Field), UVA-254nm; management ro

Reactivity TI-IMYP, Volatile and sample I2~berty
Drainage Canal from Suspended Solids Island
Prospect Island

Duplicate:Randomly Duplicate for quality assurance
selected

*EC: Electrical conductivity; Temp Temperature: DO: Dissolved oxygen
UNA: Ultraviolet absorbance at 254nm, TTMFP: Total trihalomethane formation potential

Table 2 C. Sampling sites characteristics

Samplin~ Location Rationale for selection Comments

Old Alamo Creek near ElmiraCollect signature of effhle~t from a Using adaptive
residential water treatment plant management,

may sample
Putah South Creek Canal nearCollect signatures of water different sites
Berryes~a before irrigation

Ulatis Creek at Highwa), 113 Collect signatures of water after
irrigation

Channel inlet into Prospect Collect quality attributes before water
Island C~rculates through restoration project

Drainage Canal from PrespectCollect signatures after water circulates
Island through restoration project

Duplicate: Randomly- selected Duplicate for quali~ assurance
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Local Involvement

We have informed David OkRa (the Solano County Water Agency), Johrt B. Meek (San Joaquin
county), and Larry Clement IYolo County), that we have submitted a proposal to CALFED for
fundhag considerations in conducting water quality related research in their respective counties
(letters are attached). We have also ~aked their considerations for possible coordination with die
water projects that are presently conducted in their regions. Letters are included a~ attachments.

We believe, if our project is funded, file tlngerprinting data that we will generate and the
interpretative results that we will pro~qde, cart be used by those local governments to entrance their
decision making ability on issuez related to water quality and ecological risk management.

In addition, we will work with the California Departmem offish and Game, Department of Water
Resources and CALFED to make sure the information we obtain will bc timely distributed and fully
utilized to serve their respective agency mandates and goals.

Cost

Budget figures are presented in Table 3 and 4. The breakdown of budget by tasks is as fellows
We have budgeted $10.000 for rite first year (and plus 5 % increase per year for the second and the
third year) for project monitoring costs. This amount of money will be used to cover part of the costs
to manage the detailed aefivities of the project such as inspection of work in progress, validslion of
costs, and preparation of periedic reporling requirements. It should be noted that Dr. Shu Geng, the
PI is having the primary responsibility nf monitoring the overall perfomaance of the project. Since Dr.
Geng’s salary is paid by the university, therefore, the budgeted monitoring and management costs do
not reflect the total commitmant of this proposed research. The accounting and auditing task of the
project will be assumed by the Administration Office of the PI’s department, as part of the cost
sharing contribution by the university.

The Univemity of California requires a different overhead rate for State and Federal projects. The
State rate is less than 25%. The Federal rate is 44.5%, which is a standard overhead rate for all
university systems in California.

The start!anmplefion dates of each of the proposed tasks are shown in Table 5. We have breakdown
the main tasks into 5 categories and within each category there area number sub-tasks to make sure
that each of the tasks is welt defined and the responsibilities are clearly designated among the
investigators. We are familiar with and ore totally committed to the quality assurauee/qanlit3, anntrol
concept in environmental monitoring.
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Cost Sharing

The total cost sharing contribution of the U~iversity of California is $143,000. An itemized list of the
cost shax~ng cortwlbutions from the PI’s and co-PI’s are shown below,

1. Persormei: Total UCD cost sharing contribution of $62,000 per year for 3 years.

ShuGeng’s Salary contribution (35%) $60,000 per year
Accountants’ time in the Administration Office in the Department of Agronomy mad Range
Science, U~versity of Californla at Davis (5%): $2,50{) per year.

2. Use E~isting Equipment: Total UCD cost sharing contribution of $81,000 fbr 3 years

(i) Computers: 2 workstations in the Dr. Geng’s laboratory, will be designated to the project.
The cost is $3.000 per computer, or a total $6,000 towards cost sharing.

(ii) Analytical instruments:
The cost sharing wii1 be 25% of the insmmaems cast, which are listed below,
Three gas chromatogxaphy mass spectrometerS (GCMS), each costs $80,000
Microanalysis X-ra3 fluorescence (MXRF) at a cost of $80,000
I-~LC at $100,000
Two scarmi~g fluorescence spectrophotometer at
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Applicant Qualifications

Dr. Shu Gent. is a professor in the Department of Agronomy & Range Science and is the Principal
Investigator of the East Asia Center on Population, Resources and Welfare of the University of
California, Davis. Recently he has worked with the Pacific Basin Study Center, published the book,
"the Sustainable Development of Rice ~ a Primary Food" and is working with the Faculty of the
Kyoto University ms an editor to publish the Proceedings of the Symposium, "World Food Security
and Crop Production Technologtas for Tomorrow". Dr. Gong’s research has been ha the area of
sustainable agricultural systems and environmental impact assessment. More recently his research
has focused on evaluating global climate change impact on a~’icultasal production and on G1S
modeling of undecground water quality in California. He is a member of Sigma Xi; Pi Mu Epsilon;
American Society of Agronomy; Crop Science Society of America, American Association for the
Advencement of S¢iertee. He is an elected Fallow of the American Association for the Advancement
of Science and a fellow of the American Society of Agronomy. As a faculty member at UCD for 23
years, he has authored or co-authored more than 100 refereed papers and is a frequent speaker in
international symposiums. Three recent publications (with collaborators) are shown below, ’’ Multi-
scale Influencas of Gophers on Alfalfa Yield and Quality Field Crops Research, V49 (2-3):159-168";
"Assessittg Groundwater Nitrate Contamination for Resource and Landscape Management. AMBIO
27:170 - 174": "Quanti~’ing the agricultural Landscape and Assessing Spatio-temporal Paterns of
Precipitation artd Oroundwater Use. Landscape Ecology 13: 37-53". He can be contacted at Tel: 916-
752-6939_ Fax: 916-752-4361, E-mail: sgeng~ucdavis.edu. Shu Gong will ser~’e as the PI of the
project. He will be responsible for the overall performance and the progress of the tasks of the
project. Specifically, he will be responsible for envirormaantal modeling and impact assessment.

Dr. Teresa W-M. Fan is an associate research professor in the Department of Land, Air and Water
Resources, Uulversity of California. Davis. Her research interest has been in the broad area of
environmental biochemistry rangmg from plant stress biochemistr7 and. Se biogeochcmistry in
relation to tn situ bioremediation, to mechanisms of aquatic ecotoxicity of agricultural and industrial
discharges Along CalFed’s interest_ she has been working on saliulty and toxic metals stress on the
Asian clam. Potamocorbula amurensis, in the Delt&/San Pablo Bay, as ",veil as the ~’adeoffs between
algal phytoremediation and ecotoxic risk of selenium in San Joaquin Valley’s evaporation ponds.
She has se~’ed on the 9-member EPA Peer Cortsultation Worksbop on Selenium .&quatlc Toxicity
and Bioaccurnulation [March 1998) which concluded that selenium organic forms and foodehain
biochemistry - not total Se - should be the target of ecotoxic investigations and bioremediation goal.
Most recently, she was one of the authm’s of the Central Valley Drainage Implementation Program’s
comprehensive report on Discharge to the San Joaquin River. Example of recent authored and co-
authored publications: Biotransfarmations of Selenium Oxyanian by Filamentous Cyanophyte-
Dominated Mat Cultured from Agrianltural Drainage Waters. Lane, Environmental Science and
Technolog} 32, 3185- 3193 (1998); Biochemical Fate of Selenium in Microphytes: Natural
Bioremediation by Volatilization and Sedimentation in Aquatic Environments, In: Environmental
Chemistr¢,. of Selenium, W.T. Frankenberger and R.A. Engberg, eds.~ Marcel Dekker, inc., New York.
pp. 545-563 (1998); Synthesis and structure characterization of selenium metabolitas. Analyst
123(5), 875-884 (1998); Chameterizatian of Two Humic Acid Fractions from a Calcareous
Vermiculiti¢ Soil: Implieatioas lbr the Humification Process. Geoderma, 65, 195-208 (1995).
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Dr. Richard M. Higashi is an assistant research professor in the Crocker Nuclear Laboratory,
University of Califorrda, Davis. He has worked in broad areas of envlrortmental chemistry, rauging
from toxicity identification in complex effluents such as pulpmill and oil production discharges, to
DOE waste eontaminatiotl remediation, to agricultural water, soil, and scdimenl problems of the
Central Valley and San Francisco Bay/Delta, as well as air pnilution (PM10 and ozone) research in
the Central Valley and Sierra Nevada P~ange. The chemistry of humies and other organic matter
plays a central role in ALL of these research areas, and he is currently engaged in organic marker
chemistry investigations in relation to selenium ecotoxie remediation in evaporation ponds of the
S.I-V, Example of relevant publications: Sorption-desorption behavior of phenanthrene elucidated by
pyrolysis-GCMS studies of soil organic matter, Environmental Toxicology and Chemistry., in press:
Association of desferrioxamine with humic substances and their interaction with cadmium(II3 as
studied by pyrolysis gas chromatography mass spectrometry and nuclear magnetic cesonance
spectroscopy, Analyst 123(5), 911-918 (1998); Selenium Bio~ransformarlons by a Eulyhaline
Microalga Isolated from a Saline Evaporation Pond. Environmental Science and Technology. 31.
569-576 (1997); Microphy*es-Mediated Selenium Biogeochemis~’ and Its Role in I. ~itu Selet~lm~
Bioremediation. In: Phytoremediation, N. Terl).,, ed., Ann Arbor Press. in press.

Mr, Murage Ngatia (Co-Investigator) is an environmental st~ecialist with California
Department of Water Resources. He has been working with DWR since 1994 as a water
quality specialist. He has been in charge of many prcje~s investigating water quality in ~ne
Sacramento/San Joaquin Delta. He has co-authored several DWR’s water quality reports
and quality assurance documents. He has also been a coordinator and instructor of the
Department’s quality assurance/quality control cl~es. Recent ~ublications: Fong, Sidet el.
May 1998, Btyte Chemical Laboratory Quality Assurance Manual Quality Assura~ce Technical
Document8, California Department of Water Resources: Ngatie. Murage ano Barry Gumo.
September 1997. Quality Assurance Guidelines for Analytlcs Laboratories Quality Assurance
Technical Document "/. California Department of Water Resources: Ngalia. Murage, June 1997
Compilation of Federal and State Drinking Water Standards and Criteria Quality Assurance
Technical Document 3, California Department of Water Resources Tom I~aymond et el. December
1997. Quality Assurance Management Plan for Environmental Monitoring t=rograms. Quality
Assurance Technical Document 5. California Department ~f Water Resources: Tom Raymond et el,
August 1995. Municipal Water Quality Investigations Program, Annual Report Water Year "/995-96.
California Department of Water Resources.
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Table 3. Total Budget (CALFED funds only)

Task I Direct Labor Direct Salary Service Material & Miscellaneous & Overhead and To’tal Costs

Pyro-GCMS fingerprinting 468 35345 N/A 26000 10000 5302 $76,647

Standard Methods analysis N/A N/A 22320 NiA N/A N/A $22,320

Data mmlyses and modeling 983 49156 N/A 14000 3000 7373 $73,529

Project monitoring N/A N/A NiA 10000 N/A $10,000

Subtrdal $305,169

Field Sampling 2167 108353 N/A NiA 4200 16253 $128,806

Pyro-GCMS fingerprinting 742 37112 N/A N/A 10500 2066 $49,678

Standard Melht~ls analysis 468 N/A 23436 N/A N/A N/A $23,436

Data analyses i~nd modeling 1032 51613 N/A N/A 3150 2896 $57,659

Prqiect monitoring 210 N/A NiA N/A 10500 NiA $10,500

Subtotal $285,617

Total $860,865



Table 4. Quarterly budget

Ycar-I Task ~uarlerly Budget Quarterly Budget Quarterly Budget [Quarterly Budget Jul Tfftal Budget

1. Field Sampling 30668 30668 30668 30668 122672

2. Pyro-GCMS fmge~prinih~g 19162 19162 19162 19162 76648

3. Standard Method analys~s 5580 5580 , 5580 5580 22320

4. Data analysis and modeling 18382- 18382 : 18382 18382 73528

5. Project monitoring 2500 2500 2500 2500 16000
-- Total 76~92 76292 76292 76292 305160

i 52202 32202 128897..x l. Field Sampling 32201 32202 I
~O 2+ Pyro-GCMS fingerprinling 12419 12419 l 12419 12419 49676

to 3. Standard Method anal3,sis 5859 5859 l 5859 5859 23436

I,o 4. Data analysis ea~d modeling 14415 14415 l 14415 14415 57660

to 5. Pt’~j¢ct monitoring 2625 2625 2625 2625 10500

Total 67519 67520 67520 67520 278079

Year-3 Task Quarterly Budget Quarlcrly Budget Quarterly Budget Quarterly Budget Jul "Fotal Budget
Oct-Dec 01 Jmt-Mar 02 Apr-Jun 02 - Sep 02

1. Field Sampling 32389 32389 32389 32389 129556

2. F~,ro GCMS fingerprinting 13473 13472 13472 13472 53889

3. Standard Method analysis 6152 6152 6152 6152 24608

4. Da~a analysis and modeling 16635 16635 16635 16635 66540

5. Project monitoring 2756 2756 2756 2756 11024

Total I 71405 714fl4 71404 71404 285617



Table 5. Project Timelines
Yea~ One           Year Two           Year Three

T~,RKS Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q’ Q2 Q3 Q4

I. Field Sampling
Site evaluation
Samp,ng procedure verification

2. (a) Pyrolysis~CMS and MXRF "fingerprinting" analysis
Methodology ano procedure ved~3ahon

Chromatographic conversions

2. (b) Standard Methods chemical analyses
Disinfection byproducts chemical analys~s using reactivity test

Chmrnatograph d~a interpretations
Station by stabon water quality cornpadsons
Adaptive management review and implementation

4. Model coostmetk)n and environmental impact assessment
Ecological impact model construction
Aquatic food web impact analyses
Disinfection byproducts model analyses
Adaptive management review aad implementation

5. Project Monitoring and reporting
Quarterly and annual progress reports ~
Annual presentation to tile public or CALFED
Final report and jaumal paper preparation
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OMB Approval No. 0348-0044

BUDGET INFOR~IIATtON - N~}n-Cenet~uctta~ Programs

Catalog of Estimated Unol:{iigated Funds         ~ew or Revised Budget
Grant Program Function o[ Federal Domestic

AcOvit~ A.ssis~nce Federal I
(a) Number {b) (c) Non-Federal(d) Federal (e)I Non-Federal(f) Total (g)

1. Field sampling N/A N/A N/A $153,115 N/A $153,115

2. Chemical analysis N/,~ N/A N/A 108087 N/A $10808?"

3. Data analysis and mode{in N/A N/A NtA 88031 NIA $88,031

4. Project monitar~ng NIA N/A N/A 10000 N/A $10,000

5. Total N/A N/A N/A $359,233 N/A $359,233

GRANT PROGRAM, FUNCTION ACTIVITY
6. Object Class Categories

2              3              4               Total       (5)

a. Personnel $88,200 $27,727 $39,450 N],~ $155,387

b. Fdnge Benefits 14994 4714 6707 N/,~ $26,415

c. Travel N/A 2000 433,5 N/,~ $6,335

d. Equipment NIA 26000 14000 Nt,a $40"000

e. Supplies 1508 10~00 30g0 N/,~ $14,500

f. Contractual NIA 22320 N/A N//~ $22,320

g. Construction NIA N/A N/A NtA N/.~

h. Other 2500 N/A N/A $ 10 000 $12,500

I. Total Direct Charges (sum of 60-6h) $107,194 $92,761 $67,492 N/A $267,447

j. Indirect Charges $45,921 $15~325 20548~N/A         $81,786

k. TOTALS (sum of 6i and 6j) $153,115 $108,086 $88,032 $10,0005359,233

~’. Programlncome ~ N/A ~ NfA $ N/A NtA $ N/A



OMB Approval No. 0348-0044

BUDGET INFORMATION - Non-Construction Programs

(b) Applican~ ((;) Glate (d) Olher
Sources (e) Total

................ (~a)Grant Program
$       $       $       $

N~A

15 i~l/A

11

12. TOTAL (sum of lines 13 and 14) $ $ $ $

Total mr 1st yea~ 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
13. F~-~deral

$359.233 $119,808 $67,255 $67,255 $67,255

14. Non Federal

15. TOTALS (sum of lines 13 and 14) $359,233 $119,808 $67,255 $67,255 $67,255

FUTURE FUNDING PERIODS (Years)
(a) Grant Program

(b) First       (c) Second    (d) Third      (e) Fourth

16. Field sampling $160,696 $168,730 $

17. Chemical analysis 871261 9148(~

18. Dale analysis a~ modeling 7758~ 81461

19. Preject monitoring 1050~ 1102~

21 Direct Charges 22 Indirect Charges: As negotialed

23 Remarks

Sla~dard Farm 424A {Rev 4-92)
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UNIVERSITY O~ CALIFORNIA. DAVIS

April 13. 1999
David Okita
Solano County Water Agency
508 Elmira Rd
Vaeaville 95687

Deaf tvfl-. Old’re.

We are submitting a proposal to CALLED to study water quality related issues in Barker
Slough Watershed, Solano County,. If the proposal is funded., we would like to work with
you and to coordinate with your other projects m the county to improve water quality ~.
the ro$Jon. Thank you for your attention and we sinoerety hope we vail have the
opportunity to work with you in future

Sincerely,

Shu G-eng
Professor

CC: Teresa Fan_ Rick I-I~gashi, Murage Ngatia
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UNIVERSITY OF CALIFORNIA. DAVIS

April I3, 1999

lohn B. Meek, Jr.
1222 Monaco Ct., Suite 23
Stockton. CA 95207-6742

Dear Mr. Me~lc

We ate submitting a proposal to CALFED to study water quality related issues in San
$oaxtuin County. If the proposal is funded, we would like to work with you and to
coordinate with your other projects in the county xo improve water quality in the region.
Thank you for your attention and we sincerely hope we will have the opportunity to work
with you in f~ture.

Sincerely,

Shu C_reng
Professor

CC: Teresa Fan, Rick Higashi, Murage Ngatla
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UNIVERSITY OF CALIFORNIA, DAVIS

Apdl 13, 1999

Larry CIement
221WCou~ #5
Woodland, CA95695

Dear Mr. Clement,

We are submitting a proposal to CALFED to study water quality related issues in San
loaquin County. If the proposal is funded, we would like to work with you and to
coordinate with your other projects in the county to improve water quality in the region.
Thank you for your attention and we ainearely hope we will have the opportunity to work
with you in future.

Sincerely,

Shu Geng
Professor

CC: Teresa Fan, RickHigashi, MurageNgafia
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